INTRODUCTION {#sec1-1}
============

Life was evolved in an environment filled with different radiations of natural origin. It is believed that irradiation of non-reproductive organs with low dose in pregnant mothers is without risk.\[[@ref1]\] However, in a study, it was argued that dental radiography during pregnancy increased the risk of low birth weight owing to its effect on hypothalamus-pituitary-thyroid (HPT) axis (not direct irradiation of reproductive organs or fetus).\[[@ref1]\]

As the study referred to suffering from some structural drawbacks such as ignoring the interfering variables and lack of data on dental radiation, we have made an attempt in the present study to investigate the issue more accurately by making some changes in methodology. Although, the effects of diagnostic radiation on women during pregnancy or non-pregnancy have been emphasized, the findings of some studies, particularly studies on the mothers receiving radiation from radioactive iodine (I-131) shows that radiation does not have any relationship with newborns birth weight.\[[@ref2][@ref3]\]

Pre-term labor is a serious problem occurring in 8% of pregnancies. The neonates born before 37^th^ week are pre-mature or preterm. About 2/3 of newborns with low birth weight (LBW) are preterm. Using the World Health Organization (WHO) classification,\[[@ref4]\] LBW refers to the weight lower than 2500 g., very LBW, the weight lower than 1500 g. and extremely LBW, the weight lower than 1000 g. Two-thirds of pre-mature deaths in the newborns are due to pre-term labor. The pre-term neonate might be larger than, smaller than or the right size in proportion to the gestational age. Smaller neonates due to intrauterine growth retardation (IUGR) who are below 10% of weight to gestational age are called term low birth weight (TLBW). In such cases, labor is after 37 weeks. It is suspected that 3 to 4% of newborns suffer from IUGR. It is also maintained that size and weight of the fetus is determined in the first and second trimester of pregnancy. Unfavorable growth in the first trimester of pregnancy is with growth limitation and pre-term labor occurs within 24 to 32 weeks.\[[@ref5][@ref6]\] The weight of fetus grows significantly during the third trimester. In a study on pregnancy outcomes of offspring of women previously exposed to therapeutic doses of radioiodine (I-131), it is reported that the incidences of stillbirths, preterm births, low birth weight, congenital malformations, and death during the first year of life were not significantly different before and after ^131^I therapy.\[[@ref7]\] In contrast with the previous report, it has been argued that for each cGy radiation, there is 37.6 g weight reduction in the newborn.\[[@ref8]\] One study revealed that the women, who had flank abdominal radiotherapy, were susceptible to premature labor and low birth weight infants.\[[@ref9]\] It was found in another study that the girls who had received high doses of radiation for their childhood cancer were liable to LBW newborns.\[[@ref10][@ref11]\] It has also been reported that ionizing radiation affects ovarian and uterine function and causes pregnancy complications such as low birth weight.\[[@ref12]\]

Furthermore, it has been shown that the adults who undergo diagnostic radiography for idiopathic scoliosis are susceptible to having LBW newborns.\[[@ref8]\] Likewise, it has been reported that the rate of radiation exposure in mothers with LBW newborns was more than those with normal weight newborns.\[[@ref13]\]

In 2005, some researchers studied the effects of thyroid irradiation and subsequently malfunction of thyroid because of the effect of radiation on IUGR and found that thyroid diagnostic radiography correlates with low birth weight to a small extent. It is claimed that diagnostic radiologic procedures in pregnancy does not usually increase the natural risk of congenital anomalies but they cause maternal anxiety.\[[@ref14]\] Studies with ^60^Co have shown that the irradiation of the whole body of the mother during pregnancy correlates with the growth of the newborn after birth.\[[@ref13]\] In a study in 2004, it has been argued that radiation with a determined dose in dental radiography increases the risk of LBW.\[[@ref1]\] It is interesting that the cause has been reported to be the effect of radiation on hypothalamus-pituitary-thyroid (HPT) axis. The percentage of dental radiography in American pregnant women was around 10%. According to this study, such irradiation increases the risk of LBW and particularly TLBW.

On the other hand, there are reports indicating an increased risk of delivering low birth weight infants (\<2500 g) in patients treated with abdominal or pelvic radiation.\[[@ref11][@ref15]--[@ref18]\] Moreover, it has been shown that radiation due to the presence of radioactive ^137^Cs in the environment (due to Chernobyl accident) did not have any relationship with birth weight.\[[@ref19]\] Another study indicated no effect due to radiation after Chernobyl accident on pregnancy outcome, particularly LBW.\[[@ref20]\] Most studies have found that radiations emitted from radiographies of non-reproductive organs in low doses does not affect the fetus.\[[@ref21]\] Reviewing the studies in this connection, we find different and sometimes contradictory results. Over the past years our laboratory has focused on studying the health effects of exposure of humans to some common sources of electromagnetic fields such as mobile phones\[[@ref22]--[@ref24]\] and MRI.\[[@ref25]\] Consequently, the present study intends to investigate the effect of exposure to some common sources of ionizing and non-ionizing radiations as dental or non dental radiographies, mobile phone, cordless phone and cathode ray tube (CRT) on low birth weight.

MATERIALS AND METHODS {#sec1-2}
=====================

All mothers with their first-term labor (vaginal or cesarean) whose newborns' history had been registered in the neonates' screening program in Shiraz were interviewed and surveyed. That is, based on the mothers' history and their history of exposure to ionizing and non-ionizing radiation, 1,200 newborns were divided into exposed and non-exposed groups. These groups were matched regarding the age of pregnancy, sex of the newborn and the mother body mass index (BMI). Mothers with at least one of the following factors were excluded from the study (exclusion criteria): 1) Mother\'s illness (chronic blood pressure, blood pressure resulting from pregnancy, apparent diabetes or diabetes during pregnancy, heart diseases, chronic anemia, renal diseases, chronic pulmonary diseases, rheumatologic diseases, and hyperthyroidism). 2) Smoking and/or drinking alcohol. 3) Mother\'s addiction. 4) Multiples. 5) Congenital anomalies. 6) Placenta abnormalities. 7) Multipars. 8) Mother\'s age less than 20 and more than 40. 9) Mother\'s weight less than 45 kg and more than 70 kg.

The following were used to collect the related data: 1) Mother\'s history of radiography during pregnancy. 2) Physical examination of the mother for height and weight. 3) Weighing and examining the newborn for any diagnosis of disease and anomalies.

In this study, labor in the week 37 or later was considered on term and birth weight less than 2500 g as LBW. As it is argued that what happens to hypothalamus-pituitary-thyroid axis due to radiation from dental radiography leads to low birth weight, we made attempts to collect more accurate data by investigating non-dental (head and neck) radiography, in addition to those obtained from dental radiography. As there was no intervention, ethical considerations did not provide any considerable limitation for the study. However, written informed consent was obtained from all participants.

The data obtained were analyzed, using SPSS, statistical *t*-tests and ANOVA. In all cases, a difference with *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

Of 1200 mothers whose newborns were studied, their age, height and weight means were 26.72 ± 5.29 years, 161.81 ± 7.72 cm and 70.70 ± 12.00 kg, respectively. Demographic characteristics of the mothers and their neonates are indicated in [Table 1](#T1){ref-type="table"}. Regarding the sex of the newborns, 52.5% were male and 47.5% female. On the whole, only 1.1% of the newborns were twins, 0.1% multiples and the rest (98.8%) were singleton. Based on the inclusion criteria, only the singleton newborns were investigated here.

###### 

Demographic characteristics of mothers and their neonates

![](JNSBM-4-213-g001)

In this study, only 19 mothers (1.58%) had been exposed to radiations from dental radiography. Based on the information on the potential dose of radiation in dental radiography in Iran, the amount of radiation exposure to mothers and fetuses were estimated. The mean birth weight of newborns to these mothers was 2988.95 ± 424.80 g. and that of newborns to mothers not exposed to dental radiation was 3113.00 ± 511.24g \[[Table 2](#T2){ref-type="table"}\]. The difference between these means was not statistically significant. Only 22 mothers (1.8%) had been exposed to non-dental radiography. The mean birth weight of newborns to such mothers was 3017.50 ± 497.21 g and that of newborns to mothers not exposed to non-dental radiography was 3112.59 ± 510.28g. The difference between these means was not statistically significant, either. Only 50 mothers (4.16%) had been exposed to radiations from dental and non-dental radiographies before their pregnancy. The mean birth weight of newborns to mothers with a radiography history was 3015.08 ± 469.90 g. and that of newborns to mothers without radiography history was 3116.22 ± 511.80 g. The difference between these two means was not statistically significant either.

###### 

Effects of pregnant mother\'s exposure to some ionizing and non-ionizing radiation on birth weight

![](JNSBM-4-213-g002)

Regarding the non-ionizing radiation, we found that there was not statistically any significant difference between the birth weight of newborns to mothers exposed to electromagnetic fields (cell phones, cordless telephone, cathode-ray tube and so on) during their pregnancy and that of newborns to mothers not exposed to such radiations. Among these mothers in our study, 52.75% had made use of cell phones during their pregnancy. The mean birth weight of newborns to mothers making use of cell phones was 3126.84 ± 509.39 g and that of newborns to mothers not using cell phones was 3098.44 ± 51.22 g. Again, the difference was not statistically significant.

Also among these mothers in our study, 78.5% had never made use of home cordless phones during their pregnancy. The mean birth weight of newborns to these mothers was 3113.31 ± 511.47 g and the mean birth weight of newborns to mothers who had used such phones during their pregnancy was 3101.32 ± 505.07 g. Again the difference between the means was not statistically significant.

Finally, among these mothers in this study, 84.5% had never used monitors with the cathode ray tube (CRT) technology during their pregnancy. The mean birth weight of newborns to such mothers was 3108.32 ± 516.89 g and newborns to mothers using such devices was 3126.69 ± 466.69 g. Again no statistically significant difference was found between these two groups. The effects of exposure to ionizing and non-ionizing radiation during pregnancy on birth weight are displayed in [Table 1](#T1){ref-type="table"}.

DISCUSSION {#sec1-4}
==========

Altogether, our study could not show any statistical significant difference between the mean weight of newborns whose mothers had been exposed to some common sources of ionizing and non-ionizing radiations such as dental or non dental radiographies, mobile phone, cordless phone and cathode ray tube (CRT) and those of the non-exposed mothers. In contrast with what is claimed in a previously published article that pregnant women\'s exposure to dental radiography increases the risk of low birth weight.\[[@ref1]\] our study showed that there was no statistically significant difference between the birth weight of newborns to mothers exposed to dental radiography during their pregnancy and that of newborns to mothers not exposed.

As was mentioned above, in our study only 19 mothers (1.58%) had undergone dental radiography, but the percentage of dental radiography in pregnant women in America is not clearly reported. However, it is claimed that only 22 to 34% of women in the United States consult a dentist during pregnancy.\[[@ref26]\] The low percentage of Iranian mothers who have radiography during pregnancy can be mainly due to their fear of the radiography risk (so-called radiophobia) on one hand, and expensive dental services in the country and lack of insurance coverage by insurance companies, on the other hand.

Although, the percentage of dental radiography by pregnant women is much more in America than that in our study, previous studies by Mortazavi, *et al*. shows that unlike intraoral radiography, the exposure dose in OPG in Iran is more than that in other countries. Lack of any dose reference level in the country had intensified such problems.\[[@ref27][@ref28]\]

Furthermore, the difference between the mean birth weight of newborns to mothers exposed and mothers not exposed to radiations from dental and non-dental radiographies was not statistically significant. Our findings are in contrast with some reports with a low sample size, which have suggested a correlation between mean birth weight and radiographies in women during pregnancy. In this regard, it was shown in a study that radiography by pregnant women is associated with the increasing risk of LBW. Also, it is indicated that girls exposed to a large dose of therapeutic radiation before puberty were susceptible of having newborns with LBW.\[[@ref10][@ref11]\] Meanwhile, Hujoel, *et al*. in their longitudinal study (from 1993 to 2000) concluded that both low and high doses of radiography increased the risk of LBW, particularly TLBW because of the effects of radiography on HPT axis.\[[@ref1]\] A group of investigators in their study came to the conclusion that for each cGy radiation, there will be a weight loss of 37.6 g in the newborn.\[[@ref8]\]

It is widely believed that women exposed to therapeutic radiation for a long time are susceptible to premature labor, if they get pregnant.\[[@ref6]\] In their studies, Goldberg *et al*. found that adolescents who undergo diagnostic radiography for idiopathic scoliosis are susceptible to having newborns with LBW.\[[@ref8]\] The findings of two surveys; i.e. National Natality Survey (NNS) and National Fetal Mortality Survey (NFMS) showed that radiation exposure rates were higher for mothers who had low birth weight infants (\<2,500 g) than for those who had normal weight infants.\[[@ref13]\]

In a study performed by Benson and Shulman in the United States in 2005, an increase in low birth weight was reported in areas with high levels of natural (background) radiation.\[[@ref29]\] Although, our results are not in line with those reported by Benson and Shulman, they are in line with the findings of another study that indicated those diagnostic radiographies during pregnancy, which are not involving direct abdominal/pelvic exposure to high doses of ionizing radiation, are not associated with any significant adverse events.\[[@ref30]\]

The different findings can be explained by the fact that it has been turned out that radiation doses causing growth anomalies in newborns are much higher than those in dental radiographies.\[[@ref21]\] As a result, it seems that within low dose domains, the probability of the effect of radiation on birth weight is very low.

Furthermore, the mean birth weight of newborns to mothers who have been exposed to electromagnetic fields (cell phones, cordless telephone, cathode ray tube, and so on) was not statistically different from that of newborns to mothers not exposed to such devices.

CONCLUSION {#sec1-5}
==========

The present findings on the extent of the effects of radiation with low doses in pregnant women on newborns birth weight are different and somehow contradictory. This study did not find any clear relationship between mothers' exposure to some common sources of ionizing and non-ionizing radiation during pregnancy and their newborns' weight. Our findings, particularly, cast serious doubts on findings published in JAMA that dental radiography by pregnant women increases the risk of low birth weight in newborns.
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